Abstract-In recent years, RFID systems have received much attention in security, logistics and medical fields. However, most of these systems are used at in-door and the RF tags are passive tags that are controlled by reader. We consider to use active RFID system of very weak UHF electromagnetic waves at out-door. In this paper, we describe the characteristics of electromagnetic wave propagation by RF tags using FD-TD method. In transmit and receive points of the weak electromagnetic wave, receive characteristics are influenced by the established environment. We consider the road models as this environment. RF tags are carried by the human on the road, and the readers are installed on the electric pole and connected to the cable network. As out-door models, we consider road models of three types, the straight road, the T-type road and the cross road.
The reader of active RFID system receives periodic weak electromagnetic wave pulses of UHF carrier band from multiple tags and recognizes multiple tags. We considered to build human identification system for elementary school students by active RFID using UHF band. In transmitting and receiving points of the weak electromagnetic wave, receive characteristics are influenced by the established environment. We consider the road models as this environment. RF tags are carried by the human on the road, and the readers are installed on the electric pole and connected to the cable network. Therefore, understanding of out-door propagation characteristics of RFID is necessary to develop high performance antenna of reader. In this paper, FD-TD method is applied to show the propagation characteristics of RFID tags. The radiation field generated at tag locations on the road, which leads to weak intensity of electric fields at the position of reader are investigated [1] [2] [3] .
E-M ANALYSIS OF RF PROPAGATION IN RFID SYSTEM
Electro-magnetic fields of RF propagation in RFID system of many radiation sources of RF tags can be studied by Maxwell equations and boundary conditions. For RFID system, we consider electromagnetic waves radiated at m current sources of positions r s and radiation time at t s .
where, position vector is r = xi + yj, and J s are source currents corresponding to RF tags of each user at r = r s . The source currents of Equation (2) are represented by the following equations for spatial and temporal functions.
The signal wave f 0 (t) for source current of Equation (3) and wave packet pulse of (5) is represented in Figure 1 , where f 0 is carrier frequency and signal wave envelop is Gaussian at radiation time t s . Figure 1 : The transmit signal wave of tag.
NUMERICAL ANALYSIS OF PROPAGATION BY FD-TD METHOD
In this paper, propagation characteristics are investigated by numerical computation method of FDTD. Electromagnetic fields of RFID system for complicated environment as urban status containing many houses, trees and cars on the roads, can not be easily studied by analytic methods. The FD-TD method is formulated by discretization of Maxwell equations, if we define space coordinates and time parameters as x = ∆si, y = ∆sj, t = ∆tn in Equations (1) and (2), as follows.
where,
i, j indicate the position in x-y plane, and n is number of time steps. ∆s = ∆x = ∆y is space increment, and ∆t is time increment. For stability of the FD-TD solution, ∆s and ∆t should satisfy the condition, ∆t ≤ ∆s/ √ 2c. c is propagation velocity in the free space. σ (i, j) and ε (i, j) are conductivity and dielectric constant of air space and road wall at the coordinate (i, j),respectively. J s is equivalence source and corresponds to a transmitting antenna of tag. (i s , j s ) is the position coordinates of tag source current that represent by T s in Figure 2 .
